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Abstract 
Diamond has recently attracted lots of interest as a potential candidate for neural interface due to many of its advantages such as 
biocompatibility, superior hardness and chemical inertness. Here we present a method for designing and fabricating a diamond 
platform for ordered neural cell adhesion. Microcontact printing was used for selective nanodiamond seeding and chemical vapor 
deposition was conducted subsequently to form diamond patterns. We compared different printing methods and precise 
microsized patterns were finally fabricated for the formation of ordered neural cell network. 
 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The achievement of brain-machine interface such as cochlear implants has generated attention, promise and 
confidence in understanding and treating injuries and diseases related to severe motor, sensory or cognitive modality 
damages. One of the famous demonstrations of the power of brain-machine interface might be in the opening of 
2014 Brazil World Cup when a young man with a spinal cord injury kicked off with the help of a brain-controlled 
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exoskeleton. Despite advances achieved previously, brain-machine interfaces still have significant limitations 
restricting their functionality and longevity. Better platforms that are composed of biocompatible materials which 
can function well for long time even under harsh biological environment, are in urgent need for the further 
development of brain machine interface. 
 
To better understanding and controlling the function of neural cells on the brain-machine interfaces, an ordered 
system of neural cell patterning could be useful. The optimal design for doing so, however, remains unknown. By 
directing the neural cell growth to specific electrodes on the neuroprosthetics, it is possible to reduce neural signal 
cross-talk, thus improve neural-electrode connectivity.[1] Further application of ordered neural cell network on 
brain-machine interfaces could be the use in manipulating the movement of animals, such as illustrated in Figure 1, 
where the activity of tissues could be controlled individually by the corresponding electrodes, without being 
interrupted by the surrounding environment.  
 
There have been a variety of techniques developed for patterning cellular growth. The optimal design, for a cell 
interface provides a supporting biomedical substrate in which the surface topography and chemistry elicits cellular 
interaction. Using diamond, we can achieve this, by using established lithography methodologies that cannot be 
performed on other biomaterials. Generally, the methods of patterning are based on the differential adhesion of cells 
to regions on the prosthesis, which involve patterning of proteins or factors that either attract or repel cellular 
attachment. Micro-contact printing is one of the most commonly used technique, which produces patterns of laminin 
and polylysine by using templated polydimethylsiloxane (PDMS) stamps for directing the growth of primary 
neurons on many different substrates. [2-4] 
 
Instead of patterning proteins for guiding neural cell adhesion, another possibility is to use chemical vapor 
deposited (CVD) diamond. In addition to its excellent mechanical, frictional and tribological properties, CVD 
diamond has other appealing features in terms of its suitability for neural interface. By introducing boron or nitrogen 
during diamond growth, the conductivity of diamond could be tuned, making it suitable for building electronic 
devices. The biocompatibility of CVD diamond has also been confirmed by many groups using different cell types 
including fibroblasts, cortical neurons, hippocampal neurons and osteoblasts.[5-9] We have previously demonstrated 
that cortical neural cell prefers to adhere onto both polycrystalline and ultrananocrystalline diamond than silicon,[9] 
therefore it is possible to realize guided neural cell adhesion on silicon substrates with CVD diamond patterns.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Illustration of an application of ordered neural cell network. By using an ordered neural cell network, the individual activity of each 
targeted cells, tissues or organs is possible to be controlled precisely with little interruption from surrounding environment. 
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For diamond growth on silicon substrates, nanodiamond pre-seeding is necessary because nucleation probability 
is low in methane based chemical vapor deposition process.[10] Replacing the proteins with nanodiamond as the ink, 
microcontact printing can be used as a technique for patterning nanodiamond seeds on silicon substrates.[11] Based 
on these facts, here we present design and fabrication of a new diamond platform for ordered neural cell adhesion. 
 
2. Materials and Method 
 
The stamp was fabricated by casting PDMS on a micro patterned silicon substrates (n-type Si(100), MMRC Pty 
Ltd), which was first developed using conventional optical lithographic principles. Depending on the photoresist 
used, the optical profilometer showed fabricated PDMS stamps with microstructures with a height of either 8μm or 
16μm. The PDMS stamp was cleaned by ultrasound in methanol for 5 minutes, dried with nitrogen and treated with 
oxygen plasma (Diener plasma cleaner, 50w, 20sccm, Argon:Oxygen 3:1) for 1 minute before use. Silicon substrates 
were cleaned by ultrasound in acetone, methanol and IPA, each for 5 minutes and dried with nitrogen. 3-6nm 
nanodiamond/methanol solution was used as the ink for microcontact printing. 
 
As illustrated in Figure 2, to seed the stamps with nanodiamonds, two different techniques were used. The stamps 
were either seeded by ultrasound in nanodiamond solution for 5 minutes and dried in nitrogen, or seeded by being 
pressed onto a previously fully seeded silicon substrate. After seeding, the stamps were heated on a 90oC hotplate for 
1 minute and then pressed onto cleaned substrates. Finally, the stamps were peeled off and the patterned silicon 
substrates were placed in CVD chamber for growth.  
 
Micro-sized polycrystalline diamond was then deposited using an Iplas microwave plasma-assisted CVD system 
as previously described.[8] A gas mixture of 2%methane and 98%hydrogen (all gases, BOC Australia, purity 
99.999%) was introduced. The microwave power was kept at 2000w and chamber pressure at 60Torr without 
passive heating for 1 or 2 hours. After the growth, the chamber was cooled down in an atmosphere of argon.  
 
 
Figure 2 Schematic illustration of patterned nanodiamond seeding of silicon by microcontact printing. The fabricated PDMS stamps were either 
seeded by ultrasound in nanodiamond solution (Technique 1) or by being pressed onto fully seeded silicon substrates (Technique 2). After stamp 
seeding, they were baked on the hotplate for 1 minute at 90oC. Patterned nanodiamonds were then printed onto clean silicon substrates, which 
were later placed into a CVD chamber for diamond deposition. 
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3. Results and Discussion 
 
3.1 Seeding of the stamps 
 
For comparing the efficacy of two different seeding methods, stamps with patterns of 30µm dots in a period of 
100µm were used. Figure 3a,b show the diamond patterns grown onto the surface after patterned seeding for 1 hour. 
The patterns on the substrates with stamps seeded by technique 1 could hardly be seen (Figure 3a), with plenty of 
diamond growth on undesired areas. The seeding by technique 2 resulted in better and clearer patterns, with most of 
the diamond grown in regions predesigned (Figure 3b). The results could be explained by the possible contact 
between stamps and silicon substrates outside the desired patterned area. After technique 1, the whole surface of 
stamps was coated with nanodiamond homogeneously. On the contrary, technique 2 can decrease the probability of 
seeding outside the patterns, therefore resulting in a more efficient printing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Patterned growth of diamond on silicon. Compared with seeding PDMS stamps with ultrasound in nanodiamond solution (a), seeding 
from already seeded silicon substrates (b) resulted in better and clearer patterns after diamond growth. The patterning could be further improved 
from using a stamp with a height of 8 µm (c) to 16 µm (d). (e) and (f) showed designed diamond platform for ordered neural cell adhesion after 1 
(e) and 2 (f) hours deposition. The diamond films turned out to be continuous after 2 hours deposition. Scale bar: (a)(b) 100µm, (c)-(f) 50µm.  
3.2 Height of the stamps 
 
To further improve the efficacy of the patterning, two stamps with different height were compared. Figure 3c,d 
show 1-hour diamond growth on silicon substrates using stamps with height of 8μm and 16μm, respectively. The 
purpose of using stamps with higher structures is to further avoid the contact between the stamps and silicon 
substrates outside the desired patterned areas. As expected, the patterns made by stamps with height of 16um were 
much more precise than those of 8um, with little diamond particles deposited outside the designed regions.  
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3.3 Platform for ordered neural cell adhesion 
 
Based on the improvement of the stamps and the printing technique, the diamond platform for forming ordered 
neural cell network was then fabricated (Figure 3e,f). The diamond growth was continued from 1 hour (Figure 3e) to 
2 hours (Figure 3f) for the formation of continuous diamond films on silicon substrates. We have previously, shown 
that our polycrystalline CVD diamond material is capable of neural cell growth (Figure 4).[8] Therefore the next 
phase of the project will be the implementation of the platform in cell culture. The microelectronics could also be 
incorporated onto the silicon substrates for stimulating and recording of the electrical activities of the cultured neural 
cell network.  
 
 
 
 
 
 
 
 
 
 
 
4. Conclusions 
 
A patterned diamond substrate was designed and fabricated to facilitate an ordered neural cell adhesion. Precise 
microsized patterns were fabricated combining the use of microcontact printing and chemical vapor deposition. 
Nanodiamond solution was used as the ink in replace of proteins and factors that commonly used for cell patterning. 
Different seeding techniques and stamps structures were compared for the efficacy of the patterning. Future 
applications could include the implementation of the platform in cell culture and signal analysis by using the 
cultured neural network. 
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